Abstract. In order to study nozzle forming process of super pipe for nuclear power plant, the numerical analog simulation has been carried out on hot extrusion nozzle forming process of super pipe forging using France Forge simulation software. The results show that the billet temperature drop is the fastest in contact with the mold, and the high temperature zone exist in the heart of the billet. During the forming process, the temperature of the billet is above 750℃, and is in the range of reasonable hot forming temperature of the hot extrusion nozzle. The axial stress extreme value happen from the intermediate stage of forming period, the maximum radial stress is 37.2MPa, produced in the nozzle connection transition zone near the inner surface; the radial stress extreme value happen from the latter stage of forming period, the maximum radial stress is 98.5MPa, appear in the inner surface near the nozzle tip edge, meanwhile the part strain is 1.61. According to Cockcroft & Latham fracture criterion, the above two parts have a tendency to crack. The actual product and inspection shows that there are cracks in the above positions.
Introduction
The main steam pipeline (hereinafter referred to as super pipe) is the main steam super pipeline or similar structure of the pipeline components in the construction of the pressurized water reactor (PWR) nuclear power plant (NPP) at present [1] [2] [3] . The super pipe is a section of saturated steam pipe from the main steam pipe of the reactor containment mechanical penetration, to the first welding line of the lower limit of the main steam pipeline. Super pipe requires high thermal parameters, the strong impact force under the accident condition, the higher safety requirements, especially for the nozzle zone which connects to the main steam safety valve [4] [5] [6] [7] . Due to manufacturing technology capacity constraints, the previous super pipe are made group welding between main pipe and nozzle, not only the process is simple, but the components increase many weld lines, reducing the overall security, at the same time increase in the workload of in-service inspection. With the improvement of manufacturing process, super pipe nozzle begin to use the integral extrusion forming process which can effectively avoid the disadvantages of combination welding, however because the shape and dimension precision of the nozzle with high requirements, so the forming process of the nozzle has greater difficulty. This paper simulate and analyze the forming process of the super pipe nozzle using Forge simulation software, and compared with the actual results, find out the metal damage law of nozzle forming process, estimate its internal quality, provide a reference for design, manufacturing and procurement of nuclear power components.
Super pipe nozzle forming process
The main technology process of extrusion forming nozzle (Fig.1) It is need to determine the location of the prefabricated hole before forming nozzle, and machining prefabricated hole according to the design method. Then heating the main pipe in the forming area by using local heating device, when heated to the specified temperature, the upperdie/lowerdie is arranged alignment to the prefabricated hole rapidly. Next the end plane of the upperdie is pressed downwards by the water/oil press, and the nozzle is formed by the upward movement of the lowerdie. The principle of nozzle forming is shown in Fig.2 . 
Design model and set up boundary parameters The Establishment of Model
The super pipe nozzle is formed by extrusion forming at home and abroad at present. Establish the billet and upper/lower mould model using 3D drawing software ( Fig.3) , and save the file in a certain format, such as .stl, .may, .dou, etc. Then import the above file to forge software (France transvalor company) to compute. 
Set up Boundary Parameters
The material P280GH is used for PWR nuclear power plant super pipe [8] , which comes from material database supplied by software company. Its main chemical composition is shown in Table 1 . The upper die and lower die are set to the rigid body in the whole simulation process. The whole model is divided into network structure consisted of many triangles and tetrahedron. The main simulation parameters and boundary conditions are shown in Table 2 . Fig.4 is the temperature profile of the nozzle forming process. As can be seen, although the upper and lower mold preheating 250℃, but because of the heat transfer, the billet temperature which contact mold area drops fastest. The core temperature of the billet has been at a high temperature, and low temperature zone exists in the contact area between the billet and the mold. During the forming process, the temperature of each region of the billet is above 750℃, and is in the range of reasonable hot forming temperature of the hot extrusion nozzle. Fig.5 shows the axial stress distribution during the nozzle formation of the super pipe. The billet is thermally formed after initial heating, so that the stress of the billet before the start deformation is zero, as shown in Fig.5 (a) .
Stress Analysis
With the downward pressure of the upperdie, and produce the axial tensile stress, as shown in Fig.5 (b) . Continue to under upperdie pressure, wall thickness increased, the billet axial tensile stress increases gradually, the axial stress extreme value appears in the upperdie stroke 100mm, with the maximum of 37.2MPa. 6 shows the radial stress distribution during the nozzle formation of the super pipe. The downward pressure of the upperdie produces the radial tensile stress, as shown in Fig.6 (a) . Continue to under upperdie pressure, the billet radial tensile stress increases gradually, the radial stress extreme value appears in the upperdie stroke 205mm, with the maximum of 98.5MPa, which occurs near the inner surface zone at the end of the nozzle formation, as shown in Fig.6 (b) .
(a) Up mould stroke H=-100 mm (b) Up mould stroke H=-205 mm FIGURE 6. Billet radial stress distribution of forming process for nozzle (Unit:MPa). Fig.7 shows the distribution of the equivalent strain during the nozzle formation of the super pipe. As can be seen, the billet and the mold just contact in the early of forming, and the strain is 0 at the moment, as shown in Fig.7 (a) . With the downward pressure of the upperdie, the equivalent strain is larger between the billet and the mold. The maximum equivalent strain occurs in the contact zone of the billet/upperdie, as shown in Fig.7 (b) . The upperdie continues under pressure, the nozzle is gradually forming, the thinning of wall thickness increased, the equivalent strain values are larger around the nozzle area, the maximum equivalent strain zone appears at the later stage of nozzle forming (near the end of the nozzle forming), The maximum value of 1.61 and appear near the inner surface of the contact area between nozzle and billet, as shown in Fig.7 (c) . 
Equivalent Strain Analyses

Application of simulation results in manufacturing plant and process qualification
According to Cockcroft & Latham fracture criterion [9] [10] , based on the analysis of the stress and the equivalent strain distribution, as can be seen, during the super pipe integrated pipe mouth forming, the most dangerous region occurs at the inner surface of the contact area of nozzle/billet, the area produced three direction tensile stress and has a greater equivalent strain. Therefore, this position is likely to crack. The actual production and inspection also proved that the area is most likely to produce cracks, as shown in Fig.8 . In addition, the simulation results can be used to guide the manufacturing process qualification, such as the determination of the sampling plan, the feasibility analysis of the forming process and so on. For the weak position found by simulation, we should increase the test items, the number of samples, the overall dissection and other test methods to verify the overall quality of the super pipe integrated nozzle.
Conclusions
The simulation results show that each region near the nozzle has been axial and radial tensile stress during the whole forming period. The maximum axial tensile stress appears in the nozzle forming medium and produce in the nozzle connection transition zone near the inner surface. The maximum radial tensile stress occurs at the latter stage of the nozzle forming, and the maximum value appears in the nozzle region near the inner surface. The maximum equivalent strain occurs near the inner surface of the nozzle tip edge. According to Cockcroft & Latham fracture criterion, the danger area is located at the nozzle tip edge and connection transition zone of nozzle and main pipe. The actual product and inspection shows that there are cracks in these positions.
